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ABSTRACT : PURPOSE: To provide a method of the manufacture of silicon substrates wherein a 
sufficient quantity of interstitial oxygen in a silicon substrate is diffused outward, and 
wherein empty holes are filled with silicon atoms. 

CONSTITUTION: Under condition of 3% of oxygen partial pressure ratio an 1 175*=*C of 
heat treatment temperature, heat treatment is continued until a thermal oxide film with a 
thickness of 600nm or above is formed. In the first half of the high temperature heat 
treatment process, oxygen partial pressure ratio is kept low; therefore, the formation of an 
oxide film is prevented, and interstitial oxygen is smoothly diffused outward without being 
blocked by an oxide film. In the second half of the heat treatment process, an oxide film of 
a specified thickness or above is grown; therefore, silicon atoms are pushed out by the 
growing oxide film and holes in the silicon substrate are filled with them. 
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(57) [m^] (57)[SUMMARY] 


[OBJECT] 

v- y n >'S;^43cD|§-^rB^^^^ The out diffusion of oxygen between lattices in a 
+^{c^;^j!At^ ^ r f silicon substrate can be carried out sufficiently. 

And the manufacturing method which can 


bury a porosity by the silicon atom is provided. 


imi^] [SUMMARY OF THE INVENTION] 

^0^j±i:\::^ 3 ^^S^Si^ An oxygen partial pressure ratio is made and 
^1 1 7 5°Ct L ht^it^Ut'i treatment temperature is made into 1175 

^.g^j., . ^ A high hot-temperature process is continued 

rW,rmSft^^€r,fc{t^o until a thermal oxide film is formed on 60 nm or 

more. 
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[Effect] 

In the first half of high temperature heat 
treatment, a formation of an oxide film is 
suppressed, and since the oxygen partial 
pressure ratio is restrained low, the out diffusion 
of oxygen between lattices is not blocked by the 
oxide film, and is performed smoothly. 
By growing up a thermal oxide film into the film 
thickness more than fixed in the second half of 
heat treatment, the porosity in a silicon 
substrate can be filled with the silicon extruded 
by the oxide film growth. 
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(a) 


(b) 



6 10 
(MV/cm) 

(a) Vertical axis: Temperature Horizontal axis: Oxidizing atmosphere 
From left to right : 1100 degrees C or more x 1 hour or more 
1-10 degrees C / minutes 
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800 - 500 degrees C x 30 minutes or more 

(b) Vertical axis : Relative frequency Horizontal axis: Dielectric breakdown 
(MV/cm) 

Excellent products rate : 98.5% 

imm^(Dm] [claims] 


^>y :=i:ymU^ 1 1 0 0°CJ^;^± 


[CLAIM 1] 

A manufacturing method of the silicon 
substrate, which is the manufacturing method of 
the silicon substrate which heat-treats a silicon 
substrate at the temperature of 1100 degrees C 
or more, and perfonns the out diffusion of 
oxygen, and amends of a porosity, comprised 
such that atmosphere is passed through from 
the reactor entering to the reactor exiting, and it 
uses as an oxidative atmosphere. 

And the out diffusion of oxygen of the first half 
heat-treats by setting an oxygen partial 
pressure ratio below to maximum oxygen partial 
pressure ratio VOmax calculated depending on 
heat treatment temperature in the dominant 
phase at least. 


Vo„3,= 1 . 5 5X1 0'3-°°"^3^' 

m T : BMm^^m 


[CLAIM 2] 

A manufacturing method of the silicon substrate 
of Claim 1 , in which above-mentioned maximum 
oxygen partial pressure ratio VOmax, it imparts 
at V0max=1. 55*10 (3-0.00313T), however 
T:heat treatment temperature. 


mBB^mtmitm^'^ 6 0 n m 
1 tim(Diy y =1 vst^oMat;^ 


[CLAIM 3] 

A manufacturing method of the silicon substrate 
of Claim 1, which is carried out until above- 
mentioned heat treatment is formed on the film 
thickness whose oxide film is 60 nm or more. 


[CLAIM 4] 

A manufacturing method of the silicon substrate 
of Claim 1, in which above-mentioned heat 
treatment is VO T (degree C) and an oxygen 
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t i^f^) = ( 7 2 0 + 1 0 

(3985/(T.273))>,y^ ) / ( 1 . 3 X 
10^X1 Q{■6^2Bn*2^3))^y^ ) 


partial pressure ratio in heat treatment 
temperature. It carries out. 
T(time) =(720+10(3985/(1+273)) 
*V0)/(1. 3*1 08*10 (-6128/T+273)) *V0 

It Is carried out more than the time for which 
is alike and it is required more. 


•[if*il5] 


[CLAIM 5] 

A manufacturing method of the silicon substrate 
of Claim 1, in which heat treatment to which 
make the out diffusion of oxygen of the first half 
mainly carry out, and heat treatment by which 
make it mainly compensate for the porosity of 
the second half are identical heat treatment 
temperature, and are performed under an 
identical oxygen partial pressure ratio. 


i^^xnt)ti:f}^^m^i^^n^ 

1 mmoi^ y 3 ymm(Dm 

tt#llM^{:l*3V^T5 0 0~8 

3 0 '^i^y.±n^ti^ t ^mt 


[CLAIM 6] 

A manufacturing method of the silicon substrate 
of Claim 1, in which heat treatment to which 
make the out diffusion of oxygen of the first half 
mainly carry out, and heat treatment by which 
make it mainly compensate for the porosity of 
the second half are performed at identical heat 
treatment temperature, and the oxygen partial 
pressure ratio in the former is lower than it in the 
latter. 


[CLAIM 7] 

A manufacturing method of the silicon substrate 
of Claim 1, in which above-mentioned heat 
treatment is performed after an ion implantation 
process. 

[CLAIM 8] 

A manufacturing method of the silicon substrate 
of Claim 1, in which heat treatment in the 
temperature of 500-800 degrees C is 
succeedingly carried out to an above- 
mentioned heat treatment process 30 minutes 
or more into an oxidative atmosphere. 
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[DETAILED DESCRIPTION OF INVENTION] 


[0 0 0 1] 


[0001] 


[0 0 0 2] 


[INDUSTRIAL APPLICATION] 

This invention relates to the manufacturing 
method of a silicon substrate. 
Especially, it is made high-quality near the 
silicon substrate surface which imparts 
influence to a semiconductor device. 

It is related with the heat treatment method 
which raises pressure-resistant, such as a gate 
oxide film. 

[0002] 


(denuded zone) t-f^^t 

=1 7 /i^^ =^ - fif- J; o T ? I ^ ± 

[0 0 0 3] 

mS (a) iZfjk-rXoi^. 
75^b 1 1 0 0°CU±<DmU^X' 


[PRIOR ART] 

In recent years, it is necessary for a 
semiconductor device to make the crystal near 
the silicon substrate surface a defect-free layer 
(denuded zone) as a degree of integration 
becomes high. 

In the silicon substrate which was able to be 
pulled up by the Czochralski method, since the 
electrical property of the semiconductor device 
which should be satisfied including oxygen 
between lattices and a minute defect if it 
remains as it is cannot be obtained, it heat- 
treats at a silicon substrate. 

The out diffusion of oxygen between lattices 
and the minute defect is carried out. 

IVIaking the silicon substrate surface defect- 
free is performed. 


[0003] 

The prior art example of the heat treatment 
method which makes it defect-free near the 
silicon substrate surface heat-treats the reactor 
entering to high temperature 1100 degrees C or 
more in the atmosphere of only oxygen, as 
shown in Figure 8 (a). 
Next, the out diffusion of oxygen between 
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switching lattices is carried out atmosphere to 
the inert gas atmosphere of only nitrogen. 
A defect nucleus is created at the temperature 
of 600-800 degrees C after that with inert gas 
atmosphere. 

The method of performing an intrinsic 
gettering is taken (for example, unexamined 
Japanese patent No. 59-202640 etc.). 

A distribution of the insulated pressure- 
resistant of the gate oxide film which heat-treats 
Figure 8 (a) and was obtained is shown in 
Figure 8 (b). 

As shown in said figure, the rate of an 
excellent article when using that whose gate 
oxide film dielectric breakdown electric field is 
8i\/IV/cm or more as an excellent article was 
65.5%. 
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[0004] 

Moreover, in the Unexamined Japanese Patent 
1-242500 gazette, the heat treatment method 
shown in Figure 9 (a) is proposed as an 
example of improvement of the heat treatment 
process shown in Figure 8 (a). 

This processes a silicon substrate in the 
oxygen atmosphere of humidification or drying 
from the reactor entering to the high 
temperature process completion of 1200 
degrees C or more, and makes the precipitate 
nucleus inside a silicon substrate increase. 
500-800-degree C heat treatment is performed 
in inert gas atmosphere after that. 
Furthermore a precipitate nucleus is created. 

Stronger gettering power strength is 
obtained. 

A distribution of the insulated pressure- 
resistant of the gate oxide film which heat-treats 
Figure 9 (a) and was obtained is shown in 
Figure 9 (b). 

As shown in said figure, the rate of an 
excellent article which uses the 8MV/cm or 
more pressure-resistant as an excellent article 
becomes 72.5%. 

Compared with the case of Figure 8, it 
improves about 7%. 
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[PROBLEM ADDRESSED] 

In recent years, as for a semiconductor device, 
higli integration progresses. 

When the gate oxide film thinned into a film in 
connection with it, it has been the important 
subject to raise the insulated pressure-resistant. 
The insulated pressure-resistant of this gate 
oxide film is greatly dependent on the 
crystallized state near the silicon substrate 
surface. 

If a certain crystal defect exists near the 
silicon substrate surface, the insulated 
pressure-resistant of a gate oxide film will 
reduce. 
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[0006] 

There is an effect in the out diffusion of oxygen 
between lattices in a silicon substrate by the 
conventional method shown in Figure 8 (a). 
However, the block of the porosity which 
generates to a silicon substrate at the time of 
high temperature heat treatment is carried out 
by the oxide film formed on the silicon substrate 
surface. 

Since the silicon atom which does not carry 
out the out diffusion and fills this porosity is not 
supplied, there is a problem in which a porosity 
remains near the silicon substrate surface. 

As a result, the crystallinity near the silicon 
substrate surface does not become perfect, and 
even when it performs heat treatment shown in 
Figure 8 (a) to a silicon substrate, the gate 
oxide film insulation pressure-resistant is not 
fully improving, as shown in Figure 8 (b). 


[0 0 0 7] 

^/-c. 119 (a) 


[0007] 

\z.7f^-i'"^^:)j Moreover, by the conventional method shown in 
Figure 9 (a), since only humidification oxygen or 
dry oxygen is used as atmosphere, the silicon 
atom which generated by the oxidation during 
the high temperature process carries out the 
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inward diffusion into a silicon substrate. 

A porosity can be buried. 

However, since an oxide film will be formed 
on a silicon substrate during a high temperature 
process, the problem that the block of oxygen 
between lattices is carried out to this oxide film, 
and the out diffusion of it cannot be carried out 
to it arises. 

As a result, the minute defect near the silicon 
substrate surface cannot be eliminated, and 
even when it performs heat treatment which is 
shown in Figure 9 (a), the gate oxide film 
insulation pressure-resistant is not completely 
improved, as shown in Figure 9 (b). 
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[0008] 

Therefore, the place made into the objective of 
this invention provides the heat treatment 
method that a porosity can be filled by the 
silicon atom, while the out diffusion of oxygen 
between lattices can be carried out sufficiently. 

It is enabling it to secure the sufficiently high 
insulated pressure-resistant also in the 
semiconductor integrated circuit device 
integrated highly by having. 
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[SOLUTIOiS! OF THE tNVENTION] 
In order to attain the above objective, it is the 
manufacturing method of the silicon substrate 
which heat-treats a silicon substrate at the 
temperature of 1100 degrees C or more, and, 
according to this invention, performs the out 
diffusion of oxygen, and amends of a porosity, 
comprised such that the reactor entering to the 
reactor exiting is performed by the oxidizing 
atmosphere. 

And the out diffusion of oxygen of the first half 
heat-treats by setting an oxygen partial 
pressure ratio below to maximum oxygen partial 
pressure ratio VOmax calculated depending on 
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heat treatment temperature in the dominant 
phase at least. 

The manufacturing method of the silicon 
substrate characterized by the above- 
mentioned is provided. 

And, it imparts above maximum oxygen partial 
pressure ratio VOmax by V0max=1 .55*10 (3- 
0.0031 3T) (however, Theat treatment 
temperature). 

Moreover, heat treatment is performed more 
than the time which is asked by t(time) 
=(720+10(3985/(1+273)) *VO)/(1.3*108*10 (- 
6128/T+273)) *V0 as heat treatment 
temperature T (degree C) and an oxygen partial 
pressure ratio VO. 
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[0011] 


[Effecting] 

This inventor changes heat treatment 
temperature 1100, 1140, 1200 degrees C, and a 
heat treatment time with 2, 4, and 6 hours in the 
process which is shown in Figure 4, in order to 
attain an optimisation of heat treatment 
conditions toward the improvement in the gate 
oxide film insulation pressure-resistant. 

It heat-treated to the silicon substrate In the 
oxidative atmosphere which consists of oxygen 
and nitrogen. 

A semiconductor device is created to a silicon 
substrate after that. 

The insulated pressure-resistant of the gate 
oxide film was measured. 

Furthermore, processing time was changed 
also in the high temperature range, and similar 
experiment was performed. 

[0011] 


[Table 1] 
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Thermal processing temperature Atmosphere (Oxygen partial pressure) 


High temperature processing time(hour) Thickness of formed oxide film 
Gate pressure-resistant excellent products rate 
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[0012] 

The result is shown in Table 1 . 

If the oxygen partial pressure ratio under heat 
treatment is raised as shown in Table 1, the 
gate oxide film insulation pressure-resistant will 
be improved. 

However, if a certain oxygen partial pressure 
ratio is exceeded, the gate oxide film insulation 
pressure-resistant will begin to deteriorate. 
Figure 5 shows a graph of the data which take 
the rate of a gate oxide film insulation pressure- 
resistant excellent article along the oxidation 
film thickness formed on a horizontal axis with 
heat treatment, and a vertical axis, and were 
obtained. 

A white rectangular head has a high oxygen 
partial pressure ratio, and the data with which 
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the pressure-resistant deteriorated are shown. 
If this has a high oxygen partial pressure ratio, a 
thick oxide film will be formed on a silicon 
substrate in the first half of high temperature 
heat treatment. 

It is because the out diffusion of oxygen 
between lattices in a silicon substrate is not 
performed and it is not made defect-free near 
the silicon substrate surface. 
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[0013] 

Then, the rate of a gate oxide film insulation 
pressure-resistant excellent article opposing to 
each heat treatment temperature required for 
the oxygen partial pressure ratio which 
becomes 95 % less, as maximum oxygen 
partial pressure ratio VOmax from the data 
obtained further. 

The relationship of this maximum oxygen 
partial pressure ratio VOmax and heat 
treatment temperature is shown in Figure 6. 
Maximum oxygen partial pressure ratio VOmax 
at the time (this is about 1 hour) of the oxygen 
out diffusion between lattices in the high 
temperature heat treatment atmosphere first 
half of this result to 1100 degrees C or more, 
vOmax=1. 55*10 (3-0.0031 3T) Theat 
treatment temperature. ..(1) 

Thus it was asked. 

Therefore, the rate of an excellent article of 
95 % or more is realizable by restraining the 
oxygen partial pressure ratio VO in the first half 
of high temperature heat treatment below to 
above maximum oxygen partial pressure ratio 
VOmax. 

[0014] 

Moreover, the result of Figure 5 shows that the 
rate of a gate oxide film insulation pressure- 
resistant excellent article becomes 95 % or 
more, when performing heat treatment with 
which the oxide film formed on a silicon 
substrate is set to 60 nm or more (converting 
from the state where the oxide film is not formed 
on the silicon substrate), if the conditions of 
FORMULA (1) are fulfilled. 
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However, if heat treatment temperature T 
(degree C) and the oxygen partial pressure ratio 
VO under heat treatment are decided, it will be 
uniquely asked for the film thickness of the 
thermal oxide film fonned from a heat treatment 
time. 

Figure 7 is the oxygen partial pressure ratio 
VO. It is the graph which plotted the relationship 
of a time until it uses as a parameter and a 
thermal oxide film grows into 60 nm, and heat 
treatment temperature. 

[0015] 

Therefore, oxygen partial pressure ratio VO If 
time heat treatment which will go into the right- 
hand side of the curve if fixed is performed, the 
rate of an excellent article of 95 % or more will 
be obtained. 

And, time t (time) on the curve of Figure 7, what 
is sufficient is just that time heat treatment more 
than a FORMULA (2) eventually performed 
from the ability of it to be able to express with 
t(time) =(720+10(3985/(7+273)) 
*V0)/(1. 3*1 08*10 (-6128/T+273)) *V0...(2). 
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[0016] 

As mentioned above it can collect effecting of 
this invention as follows. 

First, limitation of an oxygen partial pressure 
ratio is provided in this invention in the process 
first half of 1100 degrees C or more (about 1 
hour). 

It heat-treats by carrying out that it is easy to 
carry out the out diffusion of oxygen between 
lattices which exists in the inside of a silicon 
substrate. 

Oxygen between lattices is because the growth 
of a thermal oxide film needs to be suppressed 
since it is easy to carry out the out diffusion so 
^that the oxide film by which this is created by 
the silicon substrate surface is thin. 
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By continuing tlie heat treatment furthermore 
after that, the porosity included from the 
porosity and the beginning which generated by 
the out diffusion of oxygen between lattices is 
filled. 

This is heat-treating, maintaining an oxidative 
atmosphere. 

It is attained by growing up an oxide film 60 
nm or more into the silicon substrate surface. 

With high temperature heat treatment in an 
oxidative atmosphere, a silicon substrate (Si) 
and oxygen (02) react, and an oxide film (Si02) 
is formed on the silicon substrate surface. 
However, since an occupied volume is larger 
than Si, in that case, Si02 is extruded from a 
lattice position and the surplus silicon atom 
carries out the inward diffusion into a silicon 
substrate. 

A porosity is buried. 

By forming 60 nm or more oxide film on the 
silicon substrate surface, the porosity which 
imparts influence to a semiconductor device 
electrical property is filled by the silicon atom 
which carries out the inward diffusion. 
Thereby, it is made defect-free near the silicon 
substrate surface. 

The gate oxide film insulation pressure-resistant 
is improved. 

The semiconductor device manufacture yield 
improves. 
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[Example] 

'iJfioV'^T Next, the Example of this invention is explained 
with reference to a drawing. 


[First Example] 

Figure 1 (a) is a figure showing the heat 
treatment process of the silicon substrate of the 
first Example of this invention. 

According to the process shown in Figure 1 
(a), it uses as 3% of oxygen partial pressure 
ratios. 

1175-degree C heat treatment was performed 
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for 4 hours. 

An oxygen partial pressure ratio must not be 
33 % or less from FORMULA (1) at the 1175- 
degree C time. 

However, this Example fulfills this condition. 

[0019] 

A semiconductor device is created after this 
heat treatment. 

The gate oxide film insulation pressure- 
resistant was measured. 

The result is shown in Figure 1 (b). 

The rate of a gate oxide film pressure- 
resistant excellent article of the silicon substrate 
which heat-treated that whose gate oxide film 
destruction electric field is 8MV/cm or more, 
according to the excellent article, then this 
Example becomes 98.5%. 

It means that this had improved 25 % or more 
from the rate of an excellent article obtained 
with the conventional heat treatment shown in 
Figure 8 and Figure 9. 
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[2nd Example] 

Next, the Example which required for the heat 
treatment time from heat treatment temperature 
and the oxygen partial pressure ratio is shown. 

Figure 2 is a figure explaining the 2nd 
Example of this invention. 

This is Figure 7 and an equivalent figure. 
If it is in the right-hand side of each curve as 
described above, it is heat treatment time t. 
T(time) >=(720+10(3985/(T+273)) 
*VO)/(1.3*108*10 (-6128/T+273)) *V0 
This is satisfied. 

An oxide film 60 nm or more will be formed. 

In addition, while satisfying this equation, the 
conditions (VO =<1. 55*10 (3-0.0031 3T)) of the 
oxygen partial pressure ratio in the first half 
process of heat treatment must also be fulfilled. 

Therefore, if heat treatment is continued 
under the fixed oxygen partial pressure ratio, it 
is needed that above heat treatment time t is 
more than a 1 hour. 
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[0021] 

In this Example, the heat treatment time was set 
up so that it might become a silicon substrate by 
the oxidative atmosphere of 1200 degrees C 
and 3% of oxygen partial pressure ratios in the 
time on the right of the curve of the heat 
treatment temperature of Figure 2, and oxygen 
partial pressure, and 4 hours (figure 2* point of 
measurement 1). 

As contrast experiment, the heat treatment 
time was set up so that it might become a 
silicon substrate by the oxidative atmosphere of 
1200 degrees C and 1% of oxygen partial 
pressure ratios in the time on the left of the 
curve of the heat treatment temperature of 
Figure 2, and oxygen partial pressure, and 6 
hours (figure 2* point of measurement 2). 

The result is shown in Table 2. 

By the point of measurement 1 , the rate of the 
gate oxide film insulation pressure-resistant 
excellent article high nevertheless with 2 hour 
heat treatment shorter than a point of 
measurement 2 was realizable clearly from the 
result shown in Table 2. 

[0022] 
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(Table 2] 
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(from left to right ) Thermal processing temperature Processing time(hour) 
Atmosphere(Oxygen partial pressure ratio) Thickness of oxide film Excellent 
products rate 
Measurement point 1 
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[Third embodiment] 

The wafer with which DZ process (defect-free 
process) is not performed may be thrown into a 
semiconductor device manufacturing process. 

In such a case, this Example performs DZ 
process about a unprocessed silicon substrate 
into a semiconductor device manufacture 
process. 

In a semiconductor device manufacturing 
process, hot heat treatment is performed at a 
well formation process at the time of the drive * 
in process of the impurities after an ion 
implantation. 

In this Example, the heat treatment method of 
this invention was applied to these high 
temperature processing. 

Figure 3 (a) is a figure showing the heat 
treatment process. 

The first 1 hour was processed in the 
atmosphere of 2% of oxygen partial pressure 
ratios by 1200 degrees C. 

After that, atmosphere was changed to 
oxygen atmosphere 100%, and carried out the 
1 hour process. 

On the silicon substrate surface, it converts 
from a silicon substrate surface bear state, and 
about 200 nm oxide film was formed by the 
process shown in Figure 3 (a). 

[0024] 

When the gate oxide film was formed to the 
silicon substrate which passed through the heat 
treatment process shown in Figure 3 (a) and the 
insulated pressure-resistant was measured, the 
gate oxide film dielectric breakdown electric 
field distribution shown in figure 3(b) was 
obtained. 

The rate of an excellent article which uses 
that whose gate oxide film dielectric breakdown 
electric field is 8MV/cm or more as an excellent 
article becomes 96.7% from said figure. 
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Compared with the case of the prior art 
example shown in Figure 8 and Figure 9, 24-% 
or more improvement was realizable. 
If the oxygen partial pressure ratio VO of a 1 
hour is chosen from this result in the first half of 
high temperature heat treatment so that it may 
be set to V0=<V0max=1. 55*10 (3-0.0031 3T), it 
turns out that an oxygen inflow is increased 
after that and a heat treatment time can be 
been can be shortened and that the effect that it 
is similar when this invention is applied to high 
temperature heat treatment of a semiconductor 
device manufacture process is enjoyable. 
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[0025] 

Preferred Embodiment was explained above. 

However, various alteration is possible for this 
invention within limits which are limited to these 
Example and which are not carried out and do 
not alter the summary of this invention. 

For example, it can replace with nitrogen 
about gases other than oxygen in an oxidative 
atmosphere, and the other things, such as 
hydrogen and argon, can be used. 

Moreover, process temperature does not 
necessarily need to be kept constant during a 
high temperature heat treatment period, and 
temperature can be made variable within the 
limits of the conditions by which a requirement 
is carried out as for this invention. 
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[EFFECT OF THE INVENTION] 
As explained above, according to this invention, 
an oxygen partial pressure ratio is limited to the 
period (about 1 hour) 1100 degrees C or more 
of half the high temperature before processing. 
The out diffusion of oxygen between lattices is 
performed smoothly. 

And since subsequent heat treatment is 
continued until it compensates for the porosity 
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in a silicon substrate sufficiently, it is made 
defect-free near the silicon substrate surface. 
The gate oxide film insulation pressure-resistant 
Is improved. 

The semiconductor device manufacture yield 
can be raised. 

And, this invention can raise the rate of an 
excellent article of the gate oxide film dielectric 
breakdown pressure-resistant 20 % or more in 
the case of a prior art example. 

Since it enables it to correspond sufficiently 
also for high integration anticipated to progress 
T^much more from now on and thinning of an 
insulating film, the effect on the industry of this 
invention is large. 


[BRIEF EXPLANATION OF DRAWINGS] 
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[FIGURE 1] 

The heat treatment process figure of the first 
Example of this invention, and the dielectric 
breakdown electric field distribution figure by it. 
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[FIGURE 2] 

The oxide film formation characteristic view for 
explaining the 2nd Example of this invention. 

[FIGURE 3] 

The heat treatment process figure of the third 
embodiment of this invention, and the dielectric 
breakdown electric field distribution figure by it. 
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[FIGURE 4] 

The heat treatment process figure for explaining 
effecting of this invention. 
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[FIGURE 5] 

The figure showing the relationship of the 
thermal oxide film thickness for explaining 
effecting of this invention, and the rate of a gate 
oxide film pressure-resistant excellent article. 
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[FIGURE 6] 
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The figure showing the relationship of the heat 
treatment temperature for explaining effecting of 
this invention, and a maximum oxygen partial 
pressure ratio. 

[FIGURE 7] 

The oxide film formation characteristic curve 
sheet which made the parameter the oxygen 
partial pressure ratio for explaining effecting of 
this invention. 
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[FIGURE 8] 

The heat treatment process figure of a first prior 
art example, and the dielectric breakdown 
electric field distribution figure by it. 
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[FIGURE 9] 

The heat treatment process figure of a 2nd prior 
art example, and the dielectric breakdown 
electric field distribution figure by it. 
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[FIGURE 4] 
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From left to right : 1100 degrees C or more x 1 hour or more 

1-10 degrees C / minutes 

800 - 500 degrees C x 30 minutes or more 

(b) Vertical axis : Relative frequency Horizontal axis: Dielectric breakdown 
(MV/cm) 

Excellent products rate : 98.5% 
m2] [FIGURE 2] 
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(a) Vertical axis: Temperature Horizontal axis: Oxidizing atmosphere 
( Oxygen partial pressure ratio:2 %, 100 % ) 

(b) Vertical axis : Relative frequency Horizontal axis: Dielectric breakdown 
(MV/cm) 

Excellent products rate : 96.7% 
[[216] [FIGURE 6] 
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(a) Vertical axis: Temperature 

From left to right : 1200 degrees C or more x 20 minutes or more 

1 -1 0 degrees C / minutes 

800 - 500 degrees C x 30 minutes or more 

1 -1 0 degrees C / minutes 500 degrees-C 

(b) Vertical axis : Relative frequency Horizontal axis: Dielectric breakdown 
(MV/cm) 

Excellent products rate : 65.5% 
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From left to right : 1200 degrees C or more x 20 minutes or more 

1-10 degrees C / minutes 

800 - 500 degrees C x 30 minutes or more 

1 -1 0 degrees C / minutes 500 degrees-C 

(b) Vertical axis : Relative frequency Horizontal axis: Dielectric breakdown 
(MV/cm) 

Excellent products rate : 72.5% 
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[Title of document for amendment] 

Specification 

in^^ 2 [Item to be amended] Claim 2 

[Method of amendment] Alteration 
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[CLAIM 2] 

A manufacturing method of the silicon substrate 
5 5X1 0 of Claim 1, which imparts above-mentioned 
/n I mhnwi^f^ rr-^ maximum oxygen partial pressure ratio VOmax 

mu. 1 : ^.%ksrmiS„Lk2_ at V0max=1. 55*10 (3-0.00313T), however 

T:heat treatment temperature (degree C). 


= 1 

^ Omax 
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0 0 0 9 [Item to be amended] 0009 

[Method of amendment] Alteration 
[Content of amendment] 
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[0009] 


1 0 0°OT±orait-efiM^ 
Hit Vo„,3x iiirim^LXBM 

•tkVon,ax fix 

Vo„,3,= 1. 5 5X1 o'^^°°3^2^' 

(°c). mm'^j±it^Vo t L 

t (H^Ph^) = ( 7 2 0 + 1 0 

(3985/(T*273))xVo ) ( 1 . 3 X 

10^x1 o'-«'2aa.273))xVQ ) 
tl^h<DX & 


[SOLUTION OF THE INVENTION] 

In order to attain tlie above objective, it is the 
manufacturing method of the silicon substrate 
which heat-treats a silicon substrate at the 
temperature of 1100 degrees C or more, and, 
according to this invention, performs the out 
diffusion of oxygen, and amends of a porosity, 
comprised such that the reactor entering to the 
reactor exiting is performed by the oxidizing 
atmosphere. 

And the out diffusion of oxygen of the first half 
heat-treats by setting an oxygen partial 
pressure ratio below to maximum oxygen partial 
pressure ratio VOmax calculated depending on 
heat treatment temperature in the dominant 
phase at least. 

The manufacturing method of the silicon 
substrate characterized by the above- 
mentioned is provided. 

And, It imparts above maximum oxygen partial 
pressure ratio VOmax by V0max=1 .55*10 (3- 
0.0031 3T) (however, T:heat treatment 
temperature (degree C)). 
Moreover, heat treatment Is performed more 
than time which Is asked by t(tlme) 
=(720+1 0(3985/(T+273)) *V0)/(1. 3*1 08*10 (- 
6128/T+273)) *V0 as heat treatment 
temperature T (degree C) and an oxygen partial 
pressure ratio VO. 
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[0 0 13] 

^-r„ :L(D'i^^i)^h. 1 1 0 o°c 

{5 1 mm flit -e i^\^i6n 

Von,3,= 1 . 55X10 (3-O.00313T) 

■ ■■ (1) T : ftMSit (°C) 


[0013] 

Then, the rate of a gate oxide film insulation 
pressure-resistant excellent article opposing to 
each heat treatment temperature required for 
the oxygen partial pressure ratio which 
becomes 95 % less, as maximum oxygen 
partial pressure ratio VOmax from the data 
obtained further. 

The relationship of this maximum oxygen 
partial pressure ratio VOmax and heat 
treatment temperature is shown in Figure 6. 
From this result, maximum oxygen partial 
pressure ratio VOmax at the time (this is about 
1 hour) of the oxygen out diffusion between 
lattices in the high temperature heat treatment 
atmosphere first half of 1100 degrees C or more 
was calculated with V0max=1. 55*10 (3- 
0.0031 3T)...(1)T:heat treatment temperature 
(degree C). 

Therefore, the rate of an excellent article of 
95 % or more is realizable by restraining the 
oxygen partial pressure ratio VO in the first half 
of high temperature heat treatment below to 
above maximum oxygen partial pressure ratio 
VOmax. 
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